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Effects  of  collection  methods  and  storage  on  the  in  vitro 
stability  of  canine  plasma  catecholamines 


Michele  M.  D’Alesandro,  PhD;  Dale  F.  Gruber,  PhD;  H.  Lester  Reed,  MD;  Kevin  P.  O'Halloran;  Robert  Robertson 


SUMMARY 

Norepinephrine  (NE)  and  epinephrine  (EPi)  collected  from 
dogs  were  sequentially  and  temporally  measured  in  blood 
and  plasma  at  24  C.  Heparin  and  edta  anticoagulants, 
in  combination  with  reduced  glutathione  and  EDTA  as  a 
preservative,  were  also  compared.  Norepinephrine  and  EPi 
concentrations  were  measured  by  high-pressure  liquid 
chromatography  with  electrochemical  detection.  In  hep¬ 
arinized  plasma,  NE  and  EPI  concentrations  were  rela¬ 
tively  stable  in  the  absence  or  presence  of  preservative 
after  24  hours  at  24  C.  In  edta  plasma,  ne  and  epi  values 
were  less  stable  when  compared  with  those  in  heparinized 
samples.  Norepinephrine  concentrations  in  edta  plasma 
without  preservative  decreased  by  163.2  ±  8.88  pg  over 
24  hours,  compared  with  an  86.6  ±  7.92  pg  loss  of  NE  in 
heparinized  plasma.  The  degradation  of  EPI  in  EDTA  plasma 
without  preservative  was  also  twofold  greater,  compared 
with  that  in  heparinized  plasma.  Addition  of  preservative 
had  no  stabilizing  effect  on  NE  or  epi  in  heparinized  or 
EDTA  plasma.  During  long-term  storage  at  -  70  C,  plasma 
NE  and  EPI  values  decreased  <  0.6  and  <0.1  pg/d,  re¬ 
spectively.  Norepinephrine  and  EPI  veilues  were  stable  in 
heparinized  blood  for  6  hours  but  decreased  to  <  25%  and 
<  6%  of  initial  base  line  values,  respectively,  when  plasma 
separation  was  delayed  24  hours. 


Concentration  of  canine  plasma  norepinephrine  (NE)  and 
epinephrine  (epi)  has  been  used  to  assess  the  alteration(s) 
of  metabolic  and  hemodynamic  responses  to  induced 
hypotension'  and  lactic  acidosis  as  a  result  of  tissue  hy¬ 
poxia.''®  Severe  metabolic  acidosis  experienced  by  dogs 
has  been  attributed  to  increased  sympathetic  activity,  as 
evidenced  by  high  plasma  NE  values.  Because  much  re¬ 
search  in  critical  care  medicine  is  directed  toward  patient 
resuscitation  after  shock  and/or  trauma,  the  relevance  of 
changes  in  plasma  catecholamine  content  is  evident. 

The  stability  of  catecholamines  in  plasma  and  blood 
must  be  maintained  because  the  chemical  structure  of  the 
catechol  ring  is  susceptible  to  spontaneous  oxidation. 
Quantitative  analyses  of  catecholamines  have  included 
fluorometric  techniques,"  radioenzymatic  assays,®-®  and 
high-pressure  liquid  chromatography  (HPLC).^-®  High- 
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pressure  liquid  chromatography  with  electrochemical  de¬ 
tection  has  the  least  interlaboratory  variability,  com¬ 
pared  with  other  analytic  techniques.®  In  conjunction  with 
reports  of  quantitation  by  various  techniques,  differences 
in  the  method  of  blood  collection,  choice  of  anticoagulant, 
type  and  addition  of  antioxidant,  and  sample  processing 
procedures  have  also  been  reported.®  '®-" 

'The  purpose  of  the  study  reported  here  was  to  use  HPLC 
to  measure  NE  and  epi  degradation  in  plasma  stored  at 
-70  C  and  at  24  C  from  heparinized  or  edta  plasma  in 
the  presence  or  absence  of  reduced  glutathione  (GSH)  and 
EGTA.  In  addition,  NE  and  EPi  degradation  in  blood  at  24 
C  was  determined. 

Materials  and  Methods 

Z)ogs— Twelve  purpose-bred  healthy  male  Beagles  (1  to  2  years 
old,  10  to  12  kg)  were  offered  commercial  dog  food  and  tap  water 
ad  libitum.  Animal  holding  rooms  were  maintained  at  20  C  with 
50  ±  10%  relative  humidity,  using  at  least  10  air  changes  of 
100%  conditioned  fresh  air/h.  Dogs  were  maintained  on  a  12- 
hour  lighting  cycle  with  no  tw-ilight. 


Catecholamine  extraction  and  quantitation  — Plasma  samples 
were  extracted  as  described.'^  Alumina  adsorption  of  catechol¬ 
amines  was  complete  after  30  minutes  at  24  C.  After  the  ad¬ 
sorbed  alumina  was  washed,  catecholamines  were  released  by 
addition  of  100  |xl  of  acetic  acid  containing  0.05%  edta  and  0.1% 
sodium  disulfite.  To  determine  extraction  efficiency  and  quan¬ 
titate  catecholamine  values,  3,4-dihydroxybenzylamine  was  used 
as  an  internal  standard.  Samples  were  assayed  by  hplc  with 
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Sample  collection  —Blood  was  collected  by  venipuncture  from 
the  lateral  saphenous  vein  into  syringes  containing  edta  (4 
mmol/L)  or  heparin  (14.3  USP  U/ml).  All  blood  samples,  except 
those  to  be  used  for  blood  degradation  studies  were  centrifuged 
‘  /  within  1  hour  of  collection. 

■=*  Blood  samples  were  centrifuged  at  1,000  x  g  for  10  minutes 
'  at  4  C  to  pellet  cellular  elements  and  platelets.  The  plasma 
supernatant  was  aliquoted  (1  ml)  into  1.5-ml  microcentrifuge 
tubes  with  or  without  egta  (8  mmol/L,  final  concentration)  and 
GSH  (6.5  mmol/L,  final  concentration)  as  a  preservative.  Sam¬ 
ples  were  frozen  immediately  at  -70  C  as  controls  and  for 
analysis  after  long-term  storage  or  were  incubated  at  room  tem¬ 
perature  (24  C)  for  0,  0.5,  1,  2,  3,  4,  10,  and  24  hours  before 
storage  at  -  70  C.  Degradation  of  plasma  ne  and  epi  in  hepa¬ 
rinized  blood  was  analyzed  after  gentle  rotation  at  24  C  for  0, 
0.5,  4,  8,  24,  48,  and  72  hours  before  removal  of  plasma  and 
storage  at  -  70  C.  Plasma  used  for  24  C  degradation  analysis 
and  for  analysis  after  long-term  storage  was  pooled  from  a  min¬ 
imum  of  6  dogs.  Plasma  pools  were  different  for  various  exper¬ 
iments.  The  inherent  individual  variability  of  ne  and  epi  values 
observed  in  dogs  accounted  for  difierences  in  the  initial  baseline 
values  of  these  pooled  samples.  For  blood  studies,  sufficient  blood 
was  obtained  and  analyzed  individually  from  4  dogs  to  avoid 
pooling  of  blood. 


|i  electrochemical  detection"  and  were  computer  analy7ed.'*  Ex- 

lij  traction  and  hplc  methods  allow  for  reliable  detection  of  ne 

|i;  and  EPI  concentrations  >  20  pg/ml.  The  intraassay  coefficient 

'•  '  of  variation  for  ne  was  5%  and  for  epi  was  8%.  Assays  were 

i  run  in  duplicate,  except  for  the  long-term  degradation  samples 

>  that  were  run  in  triplicate.  The  conversion  factor  for  expressing 

!  .  NE  as  nmol/L  is  0.00591  and  for  expressing  epi  as  pmol/L  is 

[  5.458.  Statistical  differences  were  determined  by  analysis  of 

variance  with  the  Duncan  test  between  means  for  repeated 
measures.' 

I  Results 

h  Plasma  catecholamine  degradation  — Vlasraa  NE  values 

>1  from  heparinized  blood  decreased  after  24  hours  at  24  C, 

*  from  615  ±  4.5  pg/ml  to  531  ±  3.0  pg/ml  (without  GSH/ 

EGTA)  and  523  ±  3.0  pg/ml  (with  GSH/egt.a.;  Fig  1),  re¬ 
spectively.  Decay  rates  of  86.64  ±  7.92  and  74.88  ±  12.48 
pg/d,  respectively,  were  not  significantly  different  (Table 
1).  Without  preservative,  EPI  values  in  heparinized  plasma 
decreased  in  24  hours  from  407  ±  5  to  350  ±  3  pg/ml, 


•Waters  460  Electrochemical  Detector,  Waters  Millipore  Corp.  Bedford,  Mass. 
‘‘Waters  Expert  Chromatography  Software  (version  5.2),  Waters  Millipore  Corp. 
Bedford.  Mass. 

'  STATPAK  (version  4.1),  Northwest  Analytical  Inc,  Portland.  Ore. 


Fig  1  —Changes  in  canine  norepinephrine  (ne)  and  epinephrine  (epi)  values 
in  heparinized  plasma.  Plasma  was  incubated  at  24  C  for  indicated  times 
in  the  presence  or  absence  of  reduced  glutathione  (gsh)/egta:  • — •  = 

NE  without  gsh/egta;  C - O  =  ne  with  gsh/egta;  A - A  =  epi  without 

gsh/egta;  a — A  =  EPI  with  gsh/egta. 

TABLE  1 —Quantitative  changes  in  norepinephrine  (ne)  and  epi¬ 
nephrine  (epi)  in  pooled  samples  of  heparinized  or  eota  plasma 
(from  s  6  dogs)  in  the  absence  ( - )  or  presence  ( -‘- )  of  reduced 
glutathione  (gsh)  and  egta _ 


Control  Y-intercept  Decay  rate  I 

GSH/EGTA  fpg'inl)  (pgml)  (pg'24  h  *  semI  n  j 


Heparin 

NE 

- 

615t5 

612 

86.6  =  7.92 

7 

- 

616-4 

613 

74.9  =  12,46 

7 

EPI 

- 

407^5 

410 

45.1  =  10.80' 

7 

393  =  7 

399 

25  0  =  5  04 

7 

EDTA 

NE 

- 

411-7 

409 

163.2  =  8. 88t 

6 

-f 

407i:5 

400 

143  3  =  9.84T 

6 

EPI 

- 

441i:19 

442 

139.7  =  15  84* 

6 

443±  14 

443 

159.8  =  18  84' 

6 

*  P  <  0.05,  compared  with  epi  values  from  heparinized  plasma 
with  GSH/EGTA.  t  P  <  0.05,  compared  with  ne  values  from  hepa¬ 
rinized  plasma  with  gsh/egta. 

Control  assays  were  run  in  duplicate.  Decay  rates  were  deter¬ 
mined  by  linear  regression  analysis,  n  =  No.  of  dogs. 


with  a  decay  rate  of  45.12  ±  10.80  pg/24  h  (Table  1).  With 
preservative  added,  EPi  values  in  heparinized  plasma  de¬ 
creased  from  393  ±  7  to  372  ±10  pg/ml,  with  a  signifi¬ 
cantly  slower  decay  rate  of  24.96  ±  5.04  pg/24  h. 

Norepinephrine  and  EPI  values  in  edta  plasma  were 
less  stable,  compared  with  those  in  heparinized  plasma 
(Fig  2).  Norepinephrine  values  decreased  from  411  ±7 
to  274  ±  12  pg/ml  (decay  rate,  163.2  ±  8.88  pg/24  h) 
without  preservative  ana  from  407  ±  5  to  258  ±  18  pg/ 
ml  (decay  rate,  143.3  ±  9.84  pg/24  h)  with  preservative 
added.  Epinephrine  values  decreased  from  411  ±  19  to 
303  ±  8  pg/ml  (decay  rate,  139.68  ±  15.84  pg/24  h)  with¬ 
out  preservative  and  from  443  ±  14  to  282  ±  29  pg/ml 
(decay  rate,  159.84  ±  18.84  pg/24  h)  with  preservative 
added.  Tne  NE  and  EPI  decay  rates  in  edta  plasma  were 
significantly  greater  than  those  observed  in  heparinized 
plasma.  In  addition,  EPI  was  most  stable  when  anticoa¬ 
gulated  with  heparin  and  stored  in  the  presence  of  GSH/ 
EGTA. 

Long-term  catecholamine  stability —After  long-term 
storage  at  —70  C,  heparinized  samples  containing  pre¬ 
servative  were  quantitatively  analyzed  to  measure  NE  and 
EPI  degradation  (Table  2).  The  mean  decay  rate  for  NE 
was  0.5  ±  0.2  pg/d  and  0.1  ±  0.05  pg/d  for  EPi  after  116 
days’  storage. 

Degradation  of  catecholamines  in  6/oo(i— Norepineph¬ 
rine  values  decreased  to  <  25%  and  EPI  to  <  6%  of  initial 


Time  (Hours) 


Fig  2— Changes  in  ne  and  epi  values  in  edta  plasma  Plasma  was  incu¬ 
bated  at  24  C  in  the  presence  or  absence  of  gsh/egta:  • - •  =  ne 

without  gsh/egta;  O - O  =  ne  with  gsh/egta;  A - A  =  epi  without 

gsh/egta:  a — A  =  epi  with  gsh/egta. 


TABLE  2— Changes  in  the  mean  concentration  (-  sem) 
of  plasma  ne  and  epi  during  long-term  storage  at 
-70  C 


Day 

NE 

(pg/ml  1 

EPt 

(pg/mli 

I 

486  i  13 

257  -  T 

40 

431  ±  23 

244  r  14 

60 

446  =  16 

250  =  12 

75 

437  =  39 

246  =  40 

116 

415  =  12 

244  =  5 

Decay  rate  (pg<d  =:  sem) 

0.5  =  0  2 

0.1  =  0  05 

Samples  were  pooled  heparinized  plasma  from  a  min* 

imum  of  6  dogs.  Decav  rates  were  determined  bv  linear 

regression  analysis.  .Assays  were  run  in 
See  Table  1  for  key  to  abbreviations 

triplicate 
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TABLE  3— Quantitative  changes  in  plasma  ne  and  epi  during 
delayed  plasma  separation  from  heparinized  blood _ 


Time  (h) 

NE 

(pg/ml) 

EPI 

(pg/ml) 

0 

388 

515 

4 

348 

247 

8 

321 

155 

24 

88 

28 

48 

43 

<  20* 

72 

37 

<  20* 

Slope  (pg/h)t 

-12.75  i:  1.03 

-16.88  ±  7.07 

Decay  rate  (pg/24  h)t 

-306  ±  24 

-405  ±:  170 

•  Below  the  level  of  detection  with  high-pressure  liquid  chro- 

matography.  t  Data  are  expressed  as  mean  ± 

SEM. 

Decay  rates  were  determined  by  linear  regression  analysis  for 

the  initial  24  hours  at  24  C.  Because  of  the  individual  variability 

of  dogs,  representative  data  are  presented. 

Fig  3— Degradation  of  ne  (• — •)  and  epi  (0—0)  in  heparinized  whole 
blood.  Plasma  was  extracted  and  catecholamines  were  analyzed  after  gentle 
rotation  of  blood  at  24  C  for  indicated  times.  Decay  rates  were  determined 
for  the  initial  24  hours  at  24  C  by  linear  regression  analysis. 

baseline  values  in  blood  gently  rotated  for  24  hours  at  24 
C  (Table  3).  Norepinephrine  decayed  at  a  rate  of  12.75  ± 
1.03  pgdi,  and  EPl  decayed  by  16.88  ±  7.07  pg/h.  The  time 
course  appeared  to  be  curved,  yet  linear  estimations  of 
the  decay  rates  were  computed  for  the  initial  24  hours 
because  there  were  insignificant  changes  after  48  hours 
(Fig  3). 

Discussion 

Methods  for  measuring  plasma  catecholamines  have 
required  rapid  processing  and  storage  to  prevent  the 
spontaneous  degradation  of  the  catechol  ring.  These  re¬ 
quirements  have  led  to  logistic  complications  between 
clinics  or  field  sites,  and  distant  laboratories  equipped  for 
analysis.  We  measured  degradation  of  NE  and  EPI  values 
in  plasma  samples  maintained  at  room  temperature  (24 
C)  for  periods  that  are  likely  to  take  place  when  (i)  sam¬ 
ples  are  collected  outside  of  normal  operating  hours  of 
the  laboratory,  (ii)  samples  must  be  transported  for 
analysis,  or  (iii)  in  the  event  of  freezer  malfunction.  In 
the  absence  of  antioxidants,  degradation  of  NE  and  epi 
did  not  take  place,  using  heparin  or  edta  as  the  antico¬ 
agulant  for  6  hours.  Epinephrine  values  were  stable  in 
heparinized  plasma  for  24  hours,  and  NE  values  decrea:cd 
by  <  15%.  In  EDTA  plasma,  there  was  significant  degra¬ 


dation  of  NE  and  EPI  values  within  24  hours.  These  results 
are  similar  to  those  in  studies  on  human  beings  that  in¬ 
dicated  catecholamines  to  be  relatively  stable  for  3  hours 
in  EDTA^°  and  for  up  to  22  hours  in  heparinized  plasma.^' 

Catecholamines  from  human  beings  are  stable  in  blood 
collected  in  EDTA  for  3  hours^®’^^  and.  for  6  hours  in  hep¬ 
arinized  or  EDTA  blood.'^  Canine  blood  degradation  of  NE 
and  EPI  was  measured  with  heparin  only.  In  contrast  to 
the  stability  evidenced  in  blood  from  human  beings,  NE 
and  EPI  concentrations  in  dogs  decayed  by  >  3%/h.  Seem¬ 
ingly,  estimations  of  in  vivo  concentrations  of  catechol¬ 
amines  require  a  minimal  delay  in  the  separation  of 
cellular  elements  and  plasma.  However,  final  freezing  of 
the  heparinized  plasma  sample  can  be  delayed  for  up  to 
6  hours  without  significant  degradation. 

The  concentration  of  circulating  catecholamines  has  been 
used  as  an  indicator  of  the  efficacy  of  resuscitation  meth¬ 
ods  and  mechanisms  contributing  to  the  development  of 
shock  and  trauma.*'^  The  relevance  of  circulating  cate¬ 
cholamines  to  a  comprehensive  analysis  of  critical  care 
medicine  requires  simplified  procedures  for  the  collection 
of  blood  and  preparation  of  plasma  samples  to  minimize 
degradation.  Samples  collected  in  field  settings  or  at  lo¬ 
cales  distant  to  the  laboratory  can  be  analyzed  accurately 
to  generate  values  that  are  quantitatively  comparable  with 
those  in  vivo. 


■I  D'Alesandro  M.M,  Reed  HL.  Robertson  R,  et  al.  In  vitro  catecholamine  stability 
in  whole  blood  and  plasma:  quantitation  by  HPLC  with  electrochemical  detection 
(poster).  Second  Annual  East  Coast  Conference  on  Thermal  Regulation,  1988. 

References 

1.  Tracey  KJ,  Lowry  SF,  Fahey  TJ,  et  al.  Cachectin/tumor  necrosis 
factor  induces  lethal  shock  and  stress  hormone  responses  in  the  dog. 
Surg  Gynecol  Obslct  1987;164:415-422. 

2.  Tajaimi  K,  Kosugi  I,  Okada  K,  et  al.  Effect  of  reduced  glutathione 
on  hemodynamic  responses  and  plasma  catecholamine  levels  during 
metabolic  acidosis.  Crit  Care  Med  1985;13:178-181. 

3.  Tajimi  K,  Kosugi  I.  Hamamoto  F,  et  al.  Plasma  catecholamine 
levels  and  hemodynamic  responses  of  severely  acidotic  dogs  to  dopamine 
infusion.  Crit  Care  Med  1983:11:817-820. 

4.  Carruthers  M,  Cinway  N,  Taggart  P,  et  al.  Validity  of  plasma 
catecholamine  estimations.  Lancet  1970;2:62-67. 

5.  Ben-Jonalhan  N.  Porter  JC.  A  sensitive  radioenzymatic  assay  for 
dopamine,  norepinephrine  and  epinephrine  in  plasma  and  tissue.  En¬ 
docrinology  1976;98:1497-1507. 

6.  Brown  MJ,  Jenner  A.  Novel  double  isotope  technique  for  enzy¬ 
matic  assay  of  catecholamines  permitting  high  precision,  sensitivity, 
and  plasma  sample  capacity.  Clin  Sci  1981;61:591-598. 

7.  Smif-  '7'^'’'  Curtis  LD,  Delamothe  AP,  et  al.  The  distribution  of 
catecholam  a  oe'  veen  platelets  and  plasma  in  normal  human  sub¬ 
jects.  C/in  Sr 

8.  Bouloux  urrett  D,  Besser  GM.  Methodological  considerations 
in  the  determination  of  plasma  catecholamines  by  high-performance 
liquid  chromatography  with  electrochemical  detection.  Ann  Clin  Biochem 
1985;22:194-203. 

9.  Hjemdahl  P.  Inter-laboratory  comparison  of  plasma  catechol¬ 
amine  determinations  using  several  different  assays.  Acta  Physiol  Scand 
1984:527:43-54. 

10.  Weir  TB,  Smith  CCT,  Round  JM,  et  al.  Stability  of  catechol¬ 
amines  in  whole  blood,  plasma,  and  platelets.  Clin  Chem  1984;32:882- 
883. 

11.  Pettersson  J,  Hussi  E,  Janne  J.  Stability  of  human  plasma  cate¬ 
cholamines.  Scand  J  Clin  Lab  Invest  1980;40:297-303. 

12.  Anton  A,  Sayre  DF.  A  study  of  the  factors  affecting  the  aluminum 
oxide-trihydroxyindole  procedure  fo  •  the  analysis  of  catecholamines.  J 
Pharmacol  Exp  Ther  1962;138:360-374. 


Am  J  Vet  Res,  Vol  51,  No.  2,  February  1990 


259 


